The goal of this study was to determine whether ozone can be used to suppress bacterial growth in operating a white rot fungi reactor system. The effects of ozone dose on the activity of manganese peroxidase (MnP) and on the death rate of Escherichia coli were investigated.
enzymes of nonspecific. The enzymes are so strong that can degrade complex aromatic pollutants all the way to carbon dioxide. This ability makes them very attractive for the treatment of recalcitrant compounds containing wastewater.
Despite the great potential of white rot fungi for degradation of recalcitrant organic compounds and decades of research efforts by various groups, the application of white-rot fungi in large scale waste treatment has been impeded owing to short-term Peroxidases activity (Eaton et al. 1982; Borchert & Libra 2001; Nillsson et al. 2006) .
Peroxidases activity can be affected by bacteria (Borchert & Libra 2001) . Under non-sterile conditions, bacterial contamination occurs easily in a fungal reactor, which results in a failure of fungal growth and faster decrease of peroxidases activity (Dhouib et al. 2006) . Thus, the maintenance of long-term peroxidases activity requires an effective method to suppress bacterial growth in fungal reactors.
It is quite astonishing that this topic has been scarcely addressed in literature. Only a few papers have been found that discussed this issue. Fujita et al. (2000) used a heat inactivation unit (at 508C for 10 min) to suppress the bacterial growth achieving 80% of microbe lethal rate. Libra et al. (2003) investigated the strategy of limiting nitrogen in a solid substrate medium to suppress bacterial growth in culturing white rot fungi. But further work to prove this feasibility on a large scale has not been reported. Therefore, the problem about suppressing bacterial growth has not been by far doi: 10.2166/wst.2010.466 efficiently solved. It is necessary to explore a novel efficient strategy to suppress bacterial growth under non-sterile conditions to make this technology applicable in large scale for waste treatment.
In order to solve this problem, we propose using ozone to suppress the bacteria contamination in operating the white rot fungi reactor. Ozone, which can attack the bacteria through a direct (ionic) mechanism and indirect hydroxyl radical reaction that originates from its decomposition in water (Sotelo et al. 1987; Hunt & Marinas 1999) , has been proved to be one of the most effective disinfectants. However, it can inactivate bacteria and may also inactivate white rot fungi and the lignin degrading enzymes simultaneously in a reactor. Therefore, potential use of ozone to control bacterial in a white rot fungi reactor requires determining whether the white rot fungi and lignin degrading enzyme would be affected by ozone.
In order to avoid the effect of ozone on white rot fungi, we immobilized the white rot fungal cells on a special carrier (Zhou & Wen 2009 ) that can keep the fungal cells in the bioreactor. A recycle unit was equipped aside of the bioreactor. Ozone was introduced into the ozone treatment unit to inactivate the bacteria in the recycle liquor and then the treated liquor went into fungal reactor. Thus, the white rot fungi can get rid of the ozone's effect in our white rot fungi reactor (Figure 1) . Then, the resting question is whether the enzyme would be affected by the ozone. Therefore, in the present work, the effect of ozone on MnP was investigated. The aim of this paper is to assess the effect of ozone on the MnP and to determine whether ozone can be used to suppress bacterial growth in the white rot fungi reactor. The strain P. chrysosporium (BKMF 1767) was cultivated in a 250 ml Erlenmeyer flask with 100 ml of sterilized medium. The conidiospores were inoculated into each flask (final concentration 10 5 conidiospores per ml). The cultures were incubated in an orbital shaker at 378C and 160 rpm.
MATERIALS AND METHODS
When the peak of the extracellular MnP activity was observed, the crude enzyme was collected by filtering the culture through four layers of gauze and then centrifuging the filtrated liquor (8,000 rpm for 10 min).
E. coli was prepared. The E. coli was cultivated in a 250 ml Erlenmeyer flask with 100 ml of sterilized extract broth medium. The cultures were incubated in an orbital shaker at 378C and 120 rpm. After 24 h, E. coli cells were harvested by centrifuging the culture (7,000 rpm for 10 min) and washed three times with deionized water and resuspended in prior to the experiments. composed of a fungal reactor unit (used to culture the white rot fungi) and a separated ozone treatment unit (used to inactivate the contaminating bacteria), which can prevent the direct contact of white-rot fungi with ozone.
Ozone generation and dosage
Ozone was generated by a DHX-SS-03C Ozonator using oxygen as the feeding gas (200 ml/min). Three ozone doses of 0.98, 1.56 and 8.46 mg/L (the output of the generator) were used respectively for the experiment. Ozonation experiments were carried out in a 300 ml cylindrical container with a continuous supply of ozone gas.
Experimental methodology
The effect of ozone on the MnP activity (Shimadzu) was used for enzyme activity measurement.
Inactivation of E. coli with ozone
Suspension of E. coli was inoculated into 200 ml crude MnP solution in 300 ml cylindrical container Experiments were carried out for 40 min and samples (0.5 ml) were taken in 1, 5, 10, 15, 20, 30, 40 min respectively. The serial dilution and plate count method was adopted to count the bacteria.
Each sample was performed in triplicate and the data presented here is the average. The experimental data was found to be reproducible within^10%.
In addition, the remainder of MnP solution were taken from the cylindrical container and centrifuged at 7,000 rpm for 10 min to remove E. coli for MnP activity measurement.
Decolorization of methyl orange
The enzyme decomposition studies were carried out using which confirmed the result that 0.98 mg/L ozone has no effect on MnP activity.
Inactivation of E. coli with ozone
The effect of ozone dose on bacterial inactivation at different time is shown in Figure 4 . The initial E. coli count was 1.2 £ 10 9 CFU/ml. It was observed that the effect of ozone on the inactivation of E. coli increases with ozone concentration and the contact time. After same ozone treatment time, the E. coli inactivation rate by 1.56 mg/L ozone was much higher than that by 0.98 mg/L ozone.
Under similar ozone concentration, the E. coli inactivation rate increased with the increase of ozone treatment time.
After 30 min contact time, the rate of E. coli inactivation was close to 99.9%.
In addition, ozone treatment did result in significant change in population of E. coli during the first 10 min exposure time, 70% of E. coli was inactivated by 0.98 mg/L ozone and 78% by 1.56 mg/L ozone. However, a significant reduction in populations of E. coli was not observed after 20 min of exposure.
In addition, the measurements of MnP activity were conducted at the beginning and end of the experiments. E. coli and has no effect on MnP activity.
Decolorization of methyl orange
The ability of the MnP exposed to ozone dose of 1.56 mg/L for 40 min to decolorize Methyl Orange was studied. Results are presented in Figure 5 .
It was observed that the after 16 h, the decolourization percentage by MnP that exposed to ozone dose of 1.56 mg/L for 40 min can reach 41%. It demonstrates that the MnP that exposed to ozone dose of 1.56 mg/L for 40 min can sustain its activity for decolourization of Methyl
Orange. In addition, by comparing the decolourization rates of the two enzymes, one with 400 U/L activity that did not exposed to ozone, and the other one with 243 U/L activity had not been exposed to ozone. The enzyme with 243 U/L activity is the remaining enzyme after exposed to ozone dose of 1.56 mg/L for 40 min).
